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FALLOUTRADIA’fIONt WT’ECTS ON I%E ~~

_. Z INTRODUCTION

Until reeently it has been generally assumed that injury to the skin

from ionizing radiation vas not a serious hasard associated uith the detona-

tion of nuclear devioea. Howover, in 1954 the Lmportanoe of tbls hasard be-

oame apparent when widespread radiation lesions of the akin developed in a

large group of people accidental.lyexpsed to fallout radtitlon in the Marshall

Islands $ol.lowingthe experimental detonation of a large nuclear device. In

addition to exposure of some Z~9 Xershallase people and 28 Amerioans~ there

were 23 Jqxmese fishermen exposed on their fishing boat. The radiation ef-

fects and skin lesions in this latter group bavebae~ desoribed byltoyama~

Q. and others. Rior to that time, a lfited numbar of skin lesions on the

baoks of oattle (Bird; Paystiger ~ ~.) and horses (Atomic Energy Commission

Repert) haa been noted from fallout folloting experimental detonations. In

addition~ exposure of the hands of several hlividuals who had -eleesly

handled fission produot samples fiwm a detonation resdted in the development

of sevare lesions (Knowlton@Qa). Othr oaaea of beta lesions in humn

beings of accidental or experimental nature have been described by Robblns

~ Q. J Crawford; Lov-Beer; Wirth and &kper j Conard and Tessmer; Xepp~ Griffith

@ & and Kepp, Miller ati Reioh; Nodle; and Witton & Q. Some of the rather

numerousstudies on the effmts of beta rdidiO13 on ani.sd Bkin are reportsd

by Henshaw; Raper and Barnes; Snider ad Rapar; Lushbaugh; Morltz L@ Henriques;

PaySinger ~ p&3 Brues; Cloudluan~ ~.; aluokalmnn; Khamhenko and Venolurov;

Koletsky ~&; Ftinisov;Fkssonneau d Kamiltan; Shubik@& and !hgar@ ~.

The recent aooident b the Marshall Islands affotis the flxst example of

large numbers of lesions of the skin in human beings fin fallout. Studies of



these lesions in the kskllese and Amerioana exposed have been dootunented

Lesions of the akin

diation fkom the fission

be referred to frequently in tMe ohapter.

induaad by fallout am primarily due to the beta ra-

produote adhering to the fallout material and are,

therafores frequently referred to as beta burns. ~oalled beta burns of the

skin may also

isotopes used

be considered

Isotopes.

result from accidental exposure to, or oontamlnation tith$ radio_

in aoienae and ilriustry. The possibility of suoh acoidents naast

seriously in view of the Increasingly widespread use of radio-

_. 2 FALLOUT SITUATIOFW RESULTXMI IN SKIN IMAGE.

With detonation of nualear devioes, serious radiation injury to the skin

is only asaooiatad with fallout situations where the radioactive material is

sufficiently ooncentratsd. &oh oonoentratione are most Mkely to ocour with

olose-in fallout, i.e., fallout that ouours uithin several hnndred miles of

the detonation. It seems ~obable that the falloutvill be visible if serious

aoute skin demago is to result; houevert this oannot be stated with certainty.

In the Marhha31 Island aaoident, the extent and severity of the skin lesions

were directly correlated with the amount of tisible fallout. On the most di-

tant of the contaminated islands, some 200 miles fkom the site of detonations

fallout was not vl.sibleand no beta lesions of the akin develo~ -ng

inhabitants.

The world-wide deposit of fallout whiah occurs slovly Non the troposphere

or atratoaphere does not result

out material is greatly diluted

Damage to the akin such as

in dd.n imjl,u’y

and reduoed in

that seen with

sinoe in this situation the fall-

amunt.

beta radiation does not result

from the immediati penetrating gamma or neutfon radiation associated with de%na-

tion of nuclear devices ainoe the dose of such radiations necessary b swerely
.,.,

:fi:~i125
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damage the skin results in early deaths fkom damage to the bone marrow axl the

deep organs. Thus the skin burns observed in the Jqmneso casualtiesf’romthe

Hiroshima and Magasakl bombs uere not the rmnilt of lonislng radiation and were

oaused ahiefly by thermal radiation. Fallout radiation associated with these

bursts was insignlf’leant.

_. 3 CIM.ACTERISTICS Or PALLOUT MAT’EU4L.

The ahemioal and physioal make+p of fallout will vary ●300rding to the

ty’pO Of t4&raillOr so~ 0V6r whiah the detonationOCOUXa. All fa~hut i9 ~-

tioulate b nature, but the size of the partialea till depend to SOMO extent

on the physioal and ohemioal.oharauterlstiw of thn SOI1. The fallout aasoaia-

ted with the Castle detonation, March 1, l% vaa d white, powdery material

largely Ooinpoaedof inoineratd ooral. Aside fhm thm radioactive component,

the Uald.um

its Caustla

tion on the

oxide of the material was

nature. Moreover, it Waa

8M32, thus inoressing f.tu

mhamed the radiation to the skin by

in itedf irritating to the skin due to

probahl~ partly dissolved in the perapir~

$z=x’ititing@&ion. This also may have

bringing the radiomtive materials in

domr oontact with the skin. I%* presenoe of irritatingohemioals on the skin

is known to enhanoa the radiation effeot {Mao6ee$ Cipolarro axxiMmtgonmry).

Fallout produced from other types of soils not pwdominantly ooral, might vary

considerably in chemical and physical.~p d ability to irritate the skin.

Color and par’tialesize would also vary. b Instanoe, siliceous type soils

would ~Ohbly fO1’ZS5UCh lasa irritat~ ftiout.

The pwtioulate nature of the material results in a spotty diatri%ution

of lesions on the body. The 14arshalleaoolafzaedthat the ~teriel adlwred

olosely to the skin and was dii’fioultto brush off.

the difficulties encountered in dmontaminating the

~j[i[-t-~~~
Viduals.

This was borne out by

skin of the exposed irxii-
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_. 4 WXlRCF25OF RADIATION FROM FALiOUT.

Pig. 1 is a rough diagramatio sketch showing the relatively uniform dis-

triktion of fallout on tk.eground, buildings, trees and petsoxmel. The pene-

trating gamma radiation which is re~eaented by the wavy, shaded areas pene-

trates many yards in air before it is attenuated ●pprectibly~ while the beta

radiation represented by the stippling is completely attenuated in mveral feet.

Damage to tha skin results largely from the beta component of the fallout in

view of the fact that all of the beta radiation entering

in the skin and beoause of the hl.ghbeta to ganmm ratio.

ratimvary widely up to 1/150, depending on the expoeure

the skin 1s absorbed

Estimates of’this

conditions. The skin

does raceive some radiation fkos!penetrating ati soft gamma radiation, but $y

far the greater part of the do88 ia

emlttera are usually not present in

very weak penetrating abilityP they

ektn damage.

The skin dose results from two

=terial in direot oontaat with the

the largeet part of the dose to the

omtributed by the beta radiation. Alpha

fallout to any great extent and due to their

are not likely to add significantly to the

sources of beta radiations the fallout

akin (oontact hazard) contributes by far

skin, and the nmterial on the ground (beta

bath haaard) oontributea a much smaller amount.

the skl.nwill usually be spotty in distritition

nature till result in multiple point eouraes of

The fallout in oontaot with

and due to the particulate

radiation on the skin. Tkuu#h

radiation km these #urcea ia largely from the skin surface, it is possible

thet some deeper radiation may result from perataneous absorption as veil as

penetration Into the dermal region via hair shafts, sebaaeous and sweat glands,

Some of the fissionproduote are water soluble, and it iB possible

are lipid solublez which would enh-ce this effeot. ‘,ii,tten~ &.

..,
I

that SOXM

have shgwn
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that thorium-x applied to the skin reaulta in some percutaneous absorption ad

entry into the hair shafts and glands.

Beta dose to the akin from fallout on the ground will be largely confined

to the lower parts of the body, pertioularly the feet and legs, since the beta

partioles are completely stopped in approximately two meters of air.

_. 5 ESTmTION OP SXIN DOSE

Measurement of beta doses to the SW from fallout is M exceedingly dif.

fioult problem due to the complicated epectrum of different energy beta emitters

esent, the nonuniform distribution on the skin, and the fact that praatiosl

dose meters have not yet been perfeeted which will adequately discriminate be-

tween the beta radiation and the contaminating _ component.

The penetration of beta partioles into the skin depends, of course, on

the beta energies of the component isotopes. Each radioisotope has its own

characteristic spectmm of beta energies

few particles are of the matiWJJ energy,

one-third of the maximum anergy) and the

tissue are more meaningful in estimating

up to a maxixmm energy. Relatively

however, and the average ener~ (roughl

50 per cent attenuation thickness of

skin effeots. Thus an isotope emit-

ting low energy radiation, oonfined lsrgely to the dead, horny layer of akin,

would be relatively ineffective; more energetic radiation, penetrating through

the epiaermis could result in transepidermal nmrosis; end deeper penetration

into the dermis could result in mors severe ulcerating Ies%ons. Fig. 2 shows

roughlythe tissue depth necessary to produce 50 per oent attenuation of the

beta particles from several isotopes.

In Table 1 data from animal studies *on several investigators shov the

evergy dependence of beta particles from various Itsotopemin producing reoog-

nisable skin reactions. Mote that the uurf’aoe doses for threshold reaction

(erfiken, epider~l atrophy) are fairly dependent on the energy of the beta



partioles of the various isotopes. Thus it takes 2G~ - 30pm rep mm

@s (ave. energy 0.05maV. ) to produce areaotion, while it takes onlyl,5~-

90
2,LOO rep of Srw or T (av. evergy 0.3, 0.7 mev. ) to ~uce the same reaction.

The degreeof skin damage therefore is dependent on the absorbed dose at a

certain critioal depth in the skin. Moritz and Ilenriquernfound that the dose

at 0.09 milltieters depth’of t’e pig skin (estimated to be the epidermel thick-

ness)uas constant within several hundred rep to produce transepi(?ermalinjury.

Wilhelmy has also noted that it takes roughly the oame dose of electrons and

soft X rays at the level of the mbpapillary layer to produce erythema. On

this basis, Parker has advooated the use of beta-detecting instruments with

ohamber walls corresponding in milligrams per square centimeter to the thiok-

ness of the relatively inert epidermd layer. Thus in expressing dkin dosage,

it is pwhably more informative to use the depth dose at a level oorrespoxxiimg

ta the basal cell laysr of the epidermis.

Table 1 also indicates the species difference in skin aenaitivity to beta

radiation. Rabbits and sheep required larger doses than mice to produce the

same effect with roughly the same enmrgy beta. I%rcine skin, which is re-

putedly more like human skin than other animala, apparently is more sen9itive

than the rabbit or sheep skin. Some of these differences, aside from spades

differences, may be due to variation in thickness of the epidermis of different

species and differemes in techniques used.

‘kble 2 shows beta dosage data from some human experiments d accldertts

found to produce various effects on the skin. These data suA be inteqreted

with great oaution due to differences in experimental teohn.iqueaand dosime~y.

The authors have taken the liberty of interpreting tha severity of the skin re-

actions given by these investigators in degrees. A flrat degree reaction im-

plies erfihema andjor dry desquamation;,.)--< ,4., a second degreefitransepidernml ne”krosi
,;r-f[: i i:- i
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uith ulceration; and third degree, lesions which show deeper derrml involvement

vitt breakdovn and the development of ohronio radiatioa demmtitis. It oan be

eeen that there is a oonsidemble variationin dose reported to produoe the

various reactions.

In the Mmkalless the dose to the skin oould not be udaulated with any

degree of acourmy due to the aforementioned reaaona. The Xjority of the beta

radiation was of low energy (average 0.1 mav, Sorbdhans~ ~. ) and accounted

for the faot that most of the legions were superfidal in nature. However,

there vas sufficient penetration of nmre energetic oompomnts at the level of

the hair follicles to result in temporary ●pi.lation.Due to the rapid attenua-

tion of beta particles in tissue, the ektn aurfaoa dose may have been quite

high. The oontrlbutl.onf3fbeta radlat.lonto the dcin of the Wrahalleae from

the ground has been estimated by Sondhaua @ ~. to have been about 2,000 rep

to the feet, 600 rep at hip level and 300 rep h the head. These doses were

insufficient in themselves tc produce detectable lesions, though they probably

contributed significantly to the aeverlty of the foot lestons that occurred.

_. 6 EFFECTS OF FALL4XlT RADIATIOllOH THE SKIM.

_. 6.1 AOu’flt13FIZCT3. In genm’al beta radiation effects on the skin

are si?aihr to effects produced by wre p8n8tiat@ rdiatiOn euab as gamma

or x-radiation (Lov-lleer;MacKee, Cipollaro and M@gomery; Wrren; l?odl;ad

Ualbaah)● However, the less penetrating beta radiation produces more super-

fidal lesions vl.thless damage to the dermis. l%. lesions are more like those

produaed by grenz-rays and ultra-violet rays (Maolbe, Cipollaro and Montgomery;

EIMnger). Consequently, they are usually less painful and heal more rapidly.

The time sequence of beta kwions varies considerably with the dose to the skir

A general descri@ion of the sequence of oha.ngesis pre8ented bdou.

_. 6.1.1 lMRLY EB’FWTS. During the first Z&-@ hours after expmm,
~ ,.,/ . . .,;...
9J;..II ; ~‘:‘~itohingD burning, or tin@ing sensations of the skin are u8ud1y i3Xp%rienCOd.
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These symptoms may also involve tkteeyes with accompanying lachrymation. As

pointed out earlier, fallout of an alkaline nature may contribute to this 9*

matology. The above symptoms occurred in many of the Marshallese. In mora

seversly damaged skin, erythemn, edema and areas of blanching may be noted.

Erythcxsawas not observed in the Marshallese, perhaps due to the dark oobr

of the skin.

_. 6.1.2 LATENT PEE1OD. The early signs and symptoms usually disappear

within a few days and a relatively asymptomatic latent period ensues. The

length of this latent period may vary from a few days to several weeks and is

relatrx+to the dose to the skin; the kdgher the dose, the shorter the latent

period. Xn the

about two weeks

groups.

_.6.l.3

Marshallese, the more heavily exposed group developed lesions

after exposure, a week earlier than the less heavily exposed

DEVELOPW2?T OF GROSS LESIONS. Following the latent period t!!e

evidence of skin damage beoomea apparent with intensification of signs and symp-

toms. A sewmkry uave of erythema may be seen along with gross changes in the

skin. Such changes my be in the form of simple tanning or more markedpigmen-

tation with the formation of maculsa, papules, or rnised plaques of thickened

pigmented skin. Mild lesions may oause only slig~t itching and burning and

superficial desqumation from the center of the lesion outward, leaving depig-

mented thinned areas of epidermis vhic!.gradually repigment and heal the follow-

ing veek or ao. In the more heavily exposed Mersballese group of 64 people,

about 90 par cent developed multiple, spotty, pigmented lesions on exposed

parts Of thtibody. Most of these lesions were superficial in nature (see

Figs. 3, 4, .uK15). *re severe exposuro to the skin results in vesiculation

and ulceration. Suan lesions may be quite painful and secondary infection =Y

occur. They require longer to heal and may result in some degree of atrophy
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and marring of the skin. Repigmentation aay be long delayed or my never be

oomplete. Only abut 20 per cent of the llarshallesegroup referred to devel-

oped ulcerating lesions and secondary hfeotion owurred in a few oases. Le-

sions on the dorsum of the feet ume generally the smst severe, showing bullae

formation followed by ulceration (P’lg.6). At three years after exposure some

of these lesions continue to show Inoornpleterepi~tation of the skin with

atrophy or marring in some oases (see F’ig.7).

Epilation may ooour along with the development of the skin lesions. The

head region Is ~re sensitive to epilation than the &11 nry, pubic, or eyebrow

regions. If the radiation dose to the folllales has not been too high, re-

growth of hair oommences In several months. Permanent epilation may result

if the skin dose is high. Usually by five or six months, regrowth of hair la

oomplete. In the Marshallese group, spotty epilation of varying de~ees oo-

ourred in 90 per cent of the children and about 30 per cent of the adults (l?ig.8).

Regrowth of hair oonmenaed in all oases about 3 ~tha pos&exposure and by 6

months, hdr was of normal color, texture and 8inmdanoe (Rig. 9). Tbuugh change

of oolor of hair from blaok to gray has been frequentlyobsexwedin minds

(lknoeand Murphyj Chase), regrowth 1s usually of normal oolor in the bnsmn

being. However, Chard and Tessmer have reported a ease in which ragrowth of

the hair of the eyebows (previously black] regrew white in a lesion prembly

due to fission product oontamhation.

_. 6.2 CHRUUC EFF7XT9,CARCMOCEME9IS. Pbllowing large dosesof bets

radiation, imperfect healing may result. Damage to the vesaela of the dexmd.s

may result in sufficient impairment of circulation to oause oycles of break-

down and repair of the epidermis or chronic, indolent uloers may result. Also

commonly seen are atrophy, sca.rring~keratoais and telangiectatlc vessels. The

hair follicles, sweat and sebaceous glands msy be injured sufficiently to result
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in permanent epilntion and dryness of the skin. Such hsims are fertile

:round for the later development of malignant chante. L@aion so ftheakin

resultin$ from beta radiation arc less likely to result in chronic fsdia-

t ion

such

beta

dermatitis than art!the lt?sims prodmced by more penetratixw:rad+ation

as are sometimes seen fcllowing X-ray or radiua therapy.

Halignant chm~es in the skirthave .’een reported in animaia following

radiation (Rapes et al. Brues, Glucksman$ Kolotsky, Shubik], but so—-

far as the authms arc aware, such c!hangeshave not been reported in the

humn bein:. Though malignancy usually develops ●t the site of ch=onic

radiation dermatitis, as a re8ult of repeated exposures to radiation, it

may develop as & sequel to nild exposures with little chronic changes In

the skin. It has been reported tg occur in animals following a single ex-

posure to beta mdiation with little or no chronic change in the skin.

(Raperrft al.)——

In view of the superficial nature of most of the Marshallese lesions

and the low %vidence of chronic eftects in the skin, the likelihood of skin

cancer in this group seems diminished.

_.6.3 }iMTtPATHtUh;Y GF BETA LESItINS. By and large, tisehistopatho-

Logical changes in the skin produced by beta radiation are much the same

as those produced by gamma or X ray8. Since histological chsmge6 induced

hy the latter radiations have been well documented (McKee, CipoUaro and

Montgomery; Warren; Bloom and Bloom; and Walbach, etc.), a detailed ciescrip-

tion of the changes induced by beta mdiation will not be presented. A

limited nunbec of studies cf the histological changes in the akin of animals

(Snider and Raper; Moritz and Henziques) and in man UowUBecr} frcxsbeta

radi&tion have been rc~crted.

IZYgeneral the chan~es produced by beta Zadiation are more superfici~

than ttioscproduced by more penetrating racjiationswith relatively much

:~reaterdsma:;eto the epidermis t:a!?tc tiw dermis. With I_allcutradiation
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the dam~e is spotty in character with areas of damage surrounded by rela-

tively ncrmal tissue.

The histcpathologi.calchanges induced in the skin by fallout in the

Marshallese lesions were studied in section of a numberof biop8ics taken

during the first 7 weeks, at 6 months and at 3 yeara. DetaAl* of the$e

changescan be found elsewhere (Conard et al.). Soae of the major chaqea——

seen are summarized below. During the early$acuta period of the lesions,

the epidermis showed marked damage charncteriaed by atrophy anclflattening

cf the sete pegs with disorganization of aalpighn amd ba8al layers and

marked cellular change8 (pleomorphic nuclei, pyknosio and cytoplasmic MIos).

Additiana3 features were a~rophy or atmence ef the 8tretum granulowm, im-

perfect keratinization, and loose fibrillation and hyperkerato8i8 of the

stratum ccrneum. @lls laden with pig~nt were frequently present through.

out *h@ epidermis. In the chtrnisthe chMge8 were hkrgeiy confined to the

upper part tith edemal te18ngiectasi8 of vessels with perivascular infil.

tration of lymphocytes. Chrcm!atophoresfilled with melanin were prominent.

Fig. 10 shows ac~e of these cbnge8 in a pipented Ieaion biapsied 3 weeks

after exposure.

By six months there was considerable

appearance of the lesions. The following

in v.rying degrees: focal atrophy of the

improvement in the histological

changes were found to persist

8trattuugsanuloeum, slight focal

pigmentary diaturbancea in cells of the basal layer, and alight disturbances

in pol~ity of the epithelial cells in basal papil$ary projections. In the

dermis, telangiectasia of alight to moderate degsee persisted.
.

At two years, biopsies at sites of persistent gross abnormalities re-

vealed that none of the lesions were neophatic or @hOwed alterations &ug-

gestive of a precancerous ccnciition. In sime section8, acanthosis, absenceZj[J~ ‘“:“i-j::,
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of

in

in

pigment in the basal layer and atrcphy and benign dyakeratosis were noted

the malplgian layer of the epidermis. In the dermiu degenerative changes

the co31a cn were noted frequently, ●nd capillary dilation pexaisted.

Some of these features may be seen in Fig. U, which is a section taken at

tm years of a leslon on the back of the neck which 8howed gross pigment changes.

_.7 TIU3RAPYUP BETA LESKMS

The treatment of beta lesions during the sate stage is very similar

to the treatment of thermal burns. Mild 18sionswill only requisedaily

cleansiq~ and application of bland antipru?ltic lotlons and aintaents. cal8-

mine lotion with 1 per cent phenol is soothing. Analgesicand snestbetic

ointment8 are helpful in allaying more painful syaptoms and in keeping the

skin soft in lesions that are dry and thickened. Antibiotic applied locally

snd/or parenterally should be used in seccndaryinfection occurs, or prophy-

lactically if the Iesicn is associated with severe Ieuhopoenia from whole

body radiation. The above treatment provedquiteadequate with the Marshallese

lesions.

In severe lesibns with the development of necretic tissue, surgical

debridement should be caxried out. We of pressuredressings$ splinting and

elevation of affected parts may be necessary. Esrly skin grafting 8hould be

considered in cases developing painful or progressive chronic radiation der-

matitis (Mown et al.). For more detailed therapy of radiation lesions, the——

reader is referred to standard textbooks on the subject such S8 that cf MacKee,

C@ollaro and Montgomery.
●

Several agents have been reported in rec:nt years to be beneficial in .

the treatment of rsdiatim lesicns of the skin. Among these are prepara-

tions of the Aloe Vera plant (Lushbough; MaciKe&9Cipollaro and Montgomery).

The use of vitamins such as A and D are advocated by sane investigators in

the acute stages. The use of triiodothyronine preparations in such lesions

s
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appears to be beneficial fr{,mresults of preliminary wrfc (Nicksm>. Pre6-

nisone injections have been reported to reduce po8t.irradiation inflammation

(Msttheweon). Further clinical experience with the8e agenta is necesssry

before thcycan be recousmmded for general US* in the treatment of beta

burns.

.8.lFACl’tMSIIWLUiiNCXlU2SEVERITY LP SKIN LBSZUNS PRCM PAL.-

_.8.l PHYSICAL FACXRS. Usually fallout material must be in contact

with the bare skin to result in significant skin damage. Mst of the leeions

In the Marshallese occurred on exposed pasta of the body, and protection was

Sffcfded by clothinz; even a single layer of cottonmaterial. Sinceclothing

would probably not result in more than ●bout 25 per cent attenuation of the

bda

that

from

most

particles, additional protection mast have been afforded by the fact

the loosely-fitted c~othing tended to nold the sadiosctive material away

the skin. Avoidance of akin contamination by taking shelter offers al-

complete protection. No lesions developed in those Harshalle8e who re-

mained in their bouaea during the fallout.

The ultimate dose to the skin depenti on the radiation characteristics

of the fallout material, the time after detonation that the fallout occurs?

and the length of time that the matt?ria4is in contsct with the skin before

c4ntwnination 1s accomplished. Due to the process of radioactive decay

which is quite fast during the first few hours, the earlier the time of the

fallout, the greater is the dose rate from a givensample. This fact tmphe

sizes the importance of early decontamination of the skint particularly if

contamination takes place dUring the firs~ day after detonation. The fact

that thorough decontamination of the Marshallese was not accomplished until

their evacuation scme two day.eafter the accident, resulted in an appreciable

~~(:”,’;j~ increase of their skin do8e. Those individuals

during the early period developed few Iesion$.

that b8theci or went swimmin~
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_08d2 BXOLCGICAL PACIVRS. There are certain biological factors known

to influence the sensitivity of the skin to radiation. In addition to species

dfiferences referred to, it is known that the skin of certain parts of the

body is more sensitive to radiation than that of others. In ceneral, the

thinner-akinn&d flexor surfaces of the body are more sensitive than the thicker-

skinned extenscr surfaces Q4acKeq,’:fpdarro and ~ntgo~~ry). This was found

to be true in the Marshallese. Lesions were more prevalent on the front and

sides cf the neck, axilla and antecubital fossae. Another factor is associa-

ted with pigmentation of t}le skin. Darker-skinned people, brunettes, are

known to be less sensitive to radiation than blondes or people with ruddy

complexions, and Negro skin is the most resistant (MacKee, Cipollaso and

Montgomery; Bloom and Bloom).

Are- of the body where perspiration is more profwe, such as the folds

of the neck, axillae, and antecubital fossae tend to cause the fallout to

stick and collect. It was found that skin lesionsin these areas were more

abundant in the Marshallese. This effect is increased in a warm, humid cli-

mate, such as in the Marshall Islands.

_.9 02NCWDIPG REMARKS

As a reuult of the Marshallese accident, the potentialities of serious

injury to the skin fzom fallout associated with the detonation of large nu-

clear devices are apparent. Of concern also is the occurrence of similar

radiation injuries to the skin from accicientalexposure to radioisotopeswhich

are being used increasingly.

The skin hazards associated with fialloutcan be greatly reduced by tsk.

ing simple precautionary measures. Much was learned from the Marshallese ex-

perience in this regard. This

of fallout and only minimal, if

~ob-;-:j-~

-roup Ox- people was not aware of the h+=ardsa

any. effcrts were made t< protect themselves.
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This situation represents an extreme example, and the extensiveness of the

skin effects cculd have been greatly reduced had proper measures been taken.

Based on the experiences of these people during the critical fallout period

and the skin lesions that developed on an individud basis, the following facts

emerge:

1.

2*

3.

4.

5.

6.

Avoidance cf ccntact of fallout material on the skin by

or covering the body with clothin~ virtually

of skin effects.

Prompt, thorough decontamination of the akin

-rtance. Repeated scrubbing with soap or

eliminate

taking shelter

the possibility

and hair is of utmost

detergent and water

may be necessary. If contamination of the hsir is severe, it may

be advisable to clip the hair close or shave the head.

Areas of the body where perspiration is more profuse tend to cause

the fallout material tc collect. Such areas should be carefully

checked for contamination. A warm, humidclimate will naturally

aggravate this effect.

Moderately severe beta lesions of the skin and epilation may result

from fallout situations in which the whole body penetrating dose of

radiation is sublethal.

appear to complicate the

In situations where skin

With such closes,the akin lesions do not

radiation syndrome.

lesions are associated with larger doses

of whole body radiation with marked Ieukopoenia, such lesions mig~t

become secondarily infected more easily and afford portals of entry

leading to bacteremia or septicemia.

Severe skin irradiation with

resl:ltin fallout situations

taminated area occurred, but

minimal whole body irradiation might

where prompt evacuation from the con-

skii~decontamination wqs delayed.
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7. Early skin and eye symptoms might be mildly disabling during the

first day or M after exposure to fallout and later symptoms asso-

ciated with full-blown lesions mi:;htbe quite disabling. Late ef-

fects on the skim in the form of chronic radiation dermatitis and

malignancy are possible complications.



REFERENCES

Bird, J. k!.~ The Effects @f Irradiation from Atomic Bomb Fallout upon a Group of

Hereford Cattle. Tumn. University, College of Agriculture, 1952, 78P ~~

2695. Cn Mcrocard.

Bloom, W., and ~~OOM, M. A.s Radiation Biology, Vol. 1, Part 11, p. 1119,

McGraw-Hill Book Co., Inc., New York, 1954.

Brown, J. B., McDowell, F., and Fryer, i4.P.a Radiation Burns, Including Voca-

tional and Atomic Exposures. Treatment and Surgical Prevention of Chrcnic

Lesions, Ana18. of Surg.

Brues, A. M.: Carcinogenic Effects of Radiation Mvances in Biology and Medical

Physic@ ~, 178-9, 19S1.

Chase, H. B.: Greying of Hair. 1. Effeeta Produced by Single

on Mice, J. Morph. ~, S7, 1949.

Cloudman, A. M., ?lmniltonbIL A., Clayton, R. S.,

Wmbined Local Treatment with Radioactive and

Cancer Inst. lS, 1U77-1083, 19SS.

Conard, R. A. and Tessmer, C. P.: Beta Radiation

and Bruea, A.

Doses of brays

M.t Effecte of

Chemical Carcinogen, J. 14at’1

Lesion of the Skin, Arch. Derm.

w
QIO 663-666, 19S7,

Conard, R. A., Cannon, Bradford, Huggins, C. B., Richards, J. B., and bwery,

Austin: Medical Survey of ?!arshalleseTwo Years after Ibqxxure to Fallout

Radiation, Bt$X412

Consxd, ft.A., et al.,——

Beings. Edited by

(T-80), Brookhaven National Laboratory, March, 1956.

Qaptcr 11X in $mae Rffectsof IonizingRadiation on Human

Cronkite, E. P., Bond, V. P., and Dunham, C. L. Government

Printing Qffice, TID 5338,

Crawford, Stanley; Leonard or

syph. 27, 579-583, 1933.

July, 19S6.

Cathode ‘ray” Ihrmatitis, Arch. of Dermt. and



Sllinger, F.# The BiologicFuadawntalsof Rad&ationTherapy, Uaevier Fublish-

Lng Co., Inc., Chap. XXXS,19ewYork, 19U.

Glucksmarm, A.t The Histogenesfs of Radistian-Induced and of lJeraapyrene-Xriduced

Xpidermal Ttmours in th& Moues, J. Pathol. Bactefio&.~, 176-17?,&9$l.

GcAffith, H. D., PIAMP, J. ?., end Seindell, G. E.: Skin

Beta XrradlatAon, Sr4t. J. Radiol. 27, 1O?-LM, 1954.

Mance~ R. T. -d Muzphy, J. B.: Studies oa X-ray Sffects,

pi~ent POXm&ti= in the H&ir pQ&~iti88 of Coloxed Mtce

X-ray, J. Sxp. Med. 44, 339, 1926.

Menshau, P. S., Snider, R. S., “-d RUey, S. #.s Aberrant

Rats Exposedto Beta Rays,Xadiology~, 401-41S$ 1949.

Xepp, ~. X.; The Bffect8 of lrradiatAozs

txona, Stxahlanthempics 81, 201-214,

Kepp, k. E., MuLlcr, E., aad ReAch, H.$

of the MuaanSkin

1952.

Reactionto Protracted

XV. Y& Prevention ef

with High Voltage

Tissue Developments in

dth Uigh Speed ~eC-

fhe Tbe Factor la BetaRadiation of t&

H=an Skin, Strahlen8herap5e884, sa4-a44B 1951.

Xharchenko, A. M., and Venolumv, I. N.z Functional and Histomorphological

Chaage8 in the Skin @f Rabbits aftes AppM-tioA of RadioactiveRhosphoroua,

Ve8tn.ik,Venerol, Dermatol. No. 5, 14-8 {Sept. - Oct. 19S5> CWL~, Ho. 43987.

&no@ton, N. P., LeLfer,i!.,Hogneaa,J. R., Hemplemano, Louis M., Blaney, Loren

P ** (MI, ImnC., 0ake8,WiAUua R., and Shdex, Charles L.~ Beta Ray

of Mumm SkAn,J.&l&A. &l, 239-246! 1949.

K@ctsky, S., Bmte, F. J., andl%eeddl, EL L.x P~oducthra of IdaUgmemt

La Rats uith Radioactive Phosphorus, Cances AesearchlO, 139-138, X95Q.

Koyaaa, Y., et al., Iryo (Publiehed by Uyo Dokokai, MedicalAffaks Buresu,-—

Ministry of MMth aad Malfare, Tokyo,Japan)g, No. 1, 3-4S,Jea. 2955.

LotAeer, B. V. A.: Bxtemal Therapeutic Use of Radio Phosphorous, $. Ikythema

$tudiea, Radiology 4J, 2X3, 1946.



Lu8hb~h, C. B., Spalding, J. P., uad We, D. B.~ Report on SkeP Lo-es w

jacent to the Nevada Proviug Gsounds, ABC RepoxtJau. 6, 19S4.

Lushbau.gh,C. B. and EmL@, D. B.: Experimental Acute Radk+lermat%tisPollotdng

Beta Radiation.V, Histt) - Pstbolo@al WU4V ●t the Mode of Action of Therapy

with Aloe Vera.,Cancex& (4) 699, 19S3.

Mathewson, J. B.; Post sadiation Xnflemmat4ea lhdueedby Pmdai8aie, M. Y. Joura.

Med., S6, 3903-3906, X936.

MacKee, G. M., CQwSllaro, A. C., and Nontgoaery,EL K: -ray and RadiuM Treat-

ment of JliseAse8

1947.

MajorActivities ia

of the

Atomic

Skin, Fourth edtion, Lea amd P@b4ger, PhUadelPMs,

Bnergy Ptograms, JtdpDecenbes 19S3, U. $. Atoaic

EuergjyComm., A5th Sesdsnmal Report, Jan. 19S4, p. 30.

Biniscm , V. $. t Eff act of Radioactiveph06@WOl18 in the $kin in R8bbit,

Prelf.miuy C%wmuaication,Vestinlk, Mntrol, 13arutel.#to.1, 16-29, April

1953, Ca 47, p.

Morita,A. R., and

Plsnc*Loaof the

700iM.

Hend.ques, P. W.~

Energy, Iatenaity,

Xnvestigation~, 167, 1952.

Bffectof Betu ~yS on the Skin as a

sad Ouration ef the RadiatioYJ,J. Lab.

RIMCIESOII,J. J.~ Menozlaa EO*pital, New YQxk city, Pe?so=al

Bodl, F.t ?iuwe Changes of the Human Skin after ActLea of

Comuni cation●

Paae Electrons,

$tzahienthezapie~, 576-589, 2953. Micle with the same ti~leaho in

Arch. ikirmat. 8Jld Syph. ~, =6-137, 1933.) = & %. ~=70

Eiodl, P.: Wer (lmdeverwvwkmngexi de% menech3khen Mast nach Mnvixlcung von

schnelhn elektmnen, 8trakhntherapie~, S76, 1953.

Puker, H. M.~ Some Physiological Aspects of the Bffect8 of Beta MMation on

TiSSW , AECD 2859.



Psssomeau, J. V. and Hamilton, K.: Bets-irxdiation Effects from Diffuse

and Point Source8 of Sr, 90. In Ar~onne Nat. Lab., Div. of Biology and

&iedicel Research, Quarterly Report August, September, and October, 1950,

p. 23-25, ANL 4531.

Paysinger, J., Plum3eo, N. P., Sikca, D., West, J. L., Comas, C. L.$ Hansarcio

s. L., Hobbs, C. S., and Hood, S. 1.; Pissicn Product Retention and

Patho20gy of Alamorgorc$oCattle, AEC ReportUT-AK-I, 19S4.

Raper, J. R. and Earnea, K. K.: Biological Effects of Bxternal Beta Radiation,

Chap. 4, kGrwHi3.1 Wok (%., Inc., Pff’stedition, New Y~.rk,1951.

Robbinso Lawrence L.. Aub, Joseph C., tipe, Oliver, Cogan, David G., Lsngohr,

John L., Cloud, R. W., and Merrill, Oliver Il.: Superficial “Burns” of

Skin and Eyes fsom Scattered Cathode Rays, Radiology M, 1-23, 1946.

Shubik, P., GoldfarbO A. R., and Mtchie, A. C.i Latent Carcinogenic Action of

Beta-Irradiation on Mouse ~pidermis, Naturt#& 934-935, 1953.

Sni&r, R. S. and Raper, J. R.: Biological Effects of External Beta Radiaiion,

Chap. 9, klcGraw-HillBook Co., Inc., First edition, New York, 1951.

Sondhaus, C. A., et al. Chapter 3, Some Effects of Ioniaing Radiation on—-

Human Beings, Edited by E. [’.Cronkite, V. P. Bond, and C. L. Runham,

Government Printing Office, TIU 5358, July, 1956.

Sulzberger, M. 3., her, R. L., and Borota, A.; Skin Changes Induced by Low

Voltage Roentgen Radiation, AEC Report ABCU-161, n.d.

Ungar, G. Ii.,Dsmgaard~ E., and Williams F.: Protection by Spleen Homogenate

in Beta-irradiated Skin. Proc. Sot. Exptl. 9iol. Med. 87, 3G$-386, 19S4.

Walbach, S. 5.: The Pathologic Histology of ChronicX-ray Dermatitis A@ Ikrly

X-ray Carcinoma, J. of Med. Research 16, 415, 1909.

WUren, Shields: The Histopathology of Radiation Lesions, Phy6i01. &v. ~,

225-237, 1944.



Warren, Shieldsi Effects of Radiation on Normal Tisme, Arch, Vsth. ~,

304-333, 1943.

WAhelmy, Ernsts Ueber die Reaktion des Haut suf ~ige Reentgenatrahlen

Und IKathodex’mtraklen , stm.ilh?lnthesaph ~ , 49s-s33, 1936●

Wirth,J. B. and Rapes, J. R.; Diologicai IIffecta of BxtesnaLBets Radiation,

Chap. 12, 14cGre.u-lliAlBook Co., Xnc.,Firsttitioa, Mew York,19S1.

Witten, V. Ho , Rosa,M. S., Oshry,E., and Holut?om, V.o $tudie8 d T~z*- x

applied to Human Skin, J. Znvcat.Derrn.~, 93, 1953.

Wittan,v. H. , Q &.t Brythema Bffectsof ● Pure Bata BmLttar03tron$iu ti)

OSt Human $kin,J. hveat . Wrm. ~, 271-~85,1934,~ ~, ~Oo =6.

Mitten,V. ii., et al.; t?tudlcsef Thorium X applied to Human Skin. IXX. The--

RelativeEffectsof Alpha and ~tegauma Zma4A&tion An the PxoductAm @f

Brythema,J. hwest . llema.~, 249-2S7, %933, MA ~, No. 986. Other parts

no* pertinent.



LEGENDS

Fimre 1. Diagraaatic #ke*ch #howin@ distribution of fallout. Gauma radiation

repseaented by wavy @aadad areas, beta radiathn by s~ippibg.

Fisura a. 50% attenuation in akin of various isotopes.

Pimare 3. Early hype@gmented mocadopopular neck lesions ●t 15 days. Case 39,

age 15, F.

I%ure 4. Exteusiv* le8iom8 Ln L3-yeas

F@re 5. Same case as in figure 4 six

lesione ad4 regrowthof ids.

old boy mt 46 4ys post exposure. case 26.

months aftes exposure showing healed

Fiaure6. Hyperpignented mised ~ues mnd bullee on dorsum of feet @ 28 days

after exposure; One lesionon left faoltshowsdeeperinvolvement.Feet were

painful at this time.

Fimme 7. S- case as in figure 6 six months lster. Foot lesions have heaLed

with rapigmtation, except depigmenteclWOW persist in small -eas whece

deeper lesionswm.

pimllx 4.

ly@lre 9.

mgrowt h

Figure 10.

(x 100)

aones on

Bpilation in 7-year old girl

Same girl as b figure S six

of normal hair.

s8ctiollfrom beta lesion of

at 2$ days after Sxpoaure. Case 72.

monthsafterexposure ahowi.ngcomplete

neck ●* 3 weeks after expomre to fallout.

31pidera&s;extensive tmnaepidersaaldamage{with slAghtly less involved

either side). Loose ladsathn of 8tra*ux corncuaa, 8bsemce of stratua

granulfmuls. Parakezatinizatioa with exfoliation of pignent containing cells.

Dimrganimtion of ths malpigean layar. Dermis& mild edem of p&t8 p8Pilkri8<8
~:.

c’ with indistinct CWP{11try 10QP8. PeAvascuhr cellular infiltrate ($yaphocytes
..
—. and !aoaoerwlcarphogocytas), in superficial corium with telsngiectasis. case a6.
.:--
C-T Fiqwe 11. Section (512 x) from lesion on beck of neck mt two years after expos-

ure to fallout. Lesion ●hewed mottled pigmentation and depigmentation gsossly. “

Section 8hows some loss of pigment in the baeal layers of the epidernis and

tehngietasis in the demis. Case 39.



Surface Doses Required to Produce Recognizable Epidermal Injury

Ave. Energy Surface Dose
Investigator Animal Isotope (mev. ) (rep)

Henshaw, et al.

Snider and Raper

Raper and Barnes

Lushbaugh

Moritz and Henriques
II

11

11

II

II

Rats

Mice

Rabbits

Sheep

Pigs
11

11

11

tl

II

P32 0.5 1,500-4000
II 11 2,500
!1 II 5,000

S90 0.3 2,500-5000

0.05

i::60 0.1

20,000-30,000

4,000-5,000
=s137 0.2 2,000-3,000
~r90 0.3 1,500-2,000
y91 0.5 1,500-2,000
y90 0.7 1,500-2,000
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Investigator

Wirth and Raper
1$

Low-Beer
II

Ftobbinset.al.

Knowlton et.al.
!!
!1
11

Human Exposure to Beta Radiation

Radiation

p32
It
It

11

Cathode rays
(1200 Kv)

Fission Products
(1 Mev. Ave. Energy)

tl
II

* Estimated dose in lst.mm. layer.

Est. Dose (rep)

635
1180
143*
7-17,000
1-2000

3-4000
5-10,000
5-10,000

8-16,000

Reaction

Ist. degree (threshold)
2nd degree (threshold )
lst. degree (threshold)
2nd degree
3rd. degree

2nd. degree .,
3rd. degree
3rd. degree
3rd. degree

I

I
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the damage is apotts in character with areas of dsmsge surrounded by rel-

tively ncrmal t.issue.

The histopatholagical changes induced in the skin by fallout in the

h!asshalleselesims were studied in section of 8 number of biopsies taken

during the first 7 weeks, at 5 months and at 2 year8. Details of these

chan~es can be found elsewhere {Conard ●t 93.), Some of the najor chanqes——

seen are summarized below. During the early,acute period of the lesions.

t!m epidermis showed marked damage characterized by atrophy and flattening

of the zete peg8 with disorganization of malpigian aud basal layers and

marked csllular changes (pleomorphic nuclei, pyknosis and cytoplaamic halos).

Additional features were atrophy or absence of the stratum granulosum, im-

pezfect keratinization, and loose fibrillation and hyperkcrato8is of the

stratum corneum. Cells laden with pigment were frequently present through-

out the epidermis. In the durmis the changes were 18rgeiy confi?xed to the

upper part with edema, telmgiectasia of veescls with perivasculas infil-

tration of lymphocytes. Chromatophores filled with -lanin were prominent.

Fig. 10 shows scme of these changes in a pig~nted lesion biopsied 3 weeks

after exposure.

By six manths there was considerable

appearance of the Iesiona. TM following

in v.ryirtgdegzeeal focal atrophy of the

improvcnent in the histological

changes were found to persi.et

stratum gsanuloaum$ slight focal

pigmentary disturbances in cells of the basal layer, and slight clistuxbances

in polarity of the ●pithelial cells in bssal papil$aryprojections. In the

dermis, telangiectsais of alight t@ moderate &egEec persisted.
.

At two years~ biopsies at sites of persistent gross abnormalities re-

vealed that none of the iesions wre neopisstic or #hoWed alterations sug-

5ofi-””’~:1Ild,
gestive of a precancerous condition. In SCme sectionm, scanthosis, absence
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increaseth= emsut of

that have been desczibed

Olllyby 3f30WltSOf Ztiia-

point froxawhichone ccs begia to cxt:apolate to LXXI. This dis-

wUA be @ncrSLly limited to the subletlxaland zezo to 100 per ccat
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per cent of tkc total red-cell ma??.?

granulocytes and lymphocytes is not

to Ix2vea life span of pezhps 4 to

theorctLc r:te of utUiz2tioa.
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respects, with t& exception that

seems that it took Q loa~cr time

ncu-trophileand pktclet levels

chm~e we closely related to the CWXJUntof

the sub-lethal dose rcnge. In the higher dose

Iym?b?cytcs probably approaches thz rate of
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dcczczse in pktclcts is &finitely Acsa rapid th!.n that
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These will be discussed in azptcz on Diz~nosia and Thernpy.

as psesuii~ti.vcczitczia of e-~cessivee::posureto ionkine radiation or other toxic
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Fig. 8- Serial Mean Total Lcu!cocyte and Neutrophile Counts in the

Rongclq People Exposed to Fallout Radiations
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